the amount of free malondialdehyde in the allopurinol-treated dogs was 32% greater than that in the controls. Brain water content was similar in the two groups. These results suggest that xanthine oxidase contributes to brain injury after ischemia and reperfusion. However, tissue damage caused by xanthine oxidase may be mediated through mechanisms other than free radical production. (Stroke 1991; 22:660.-665) he reperfusion of previously ischemic cerebral which then generates free radicals during reperfutissue is essential to the recovery of brain sion.4-' Irreversible XO is formed from proteolytic function. However, reperfusion may paracleavage of XD whereas sulfhydryl oxidation results doxically lead to the formation of highly reactive in the formation of reversible XO.1 , 1 oxygen free radicals that damage tissue.' Xanthine If XO contributes to tissue damage in cerebral oxidase (XO), an enzyme that converts hypoxanthine ischemia/reperfusion injury, then inhibiting the ento xanthinc and xanthine to uric acid, may be one zyme hould improve cerebral recovery after ischsource of these free radicals. In normal brain, XO emia and reperfusion. Furthermore, if XO causes exists mainly as the non-free radical generating damage by generating free radicals, improved recovery xanthinc dehydrogenase (XD), 2 although a small should be accompanied by lower levels of lipid peroxiamoui of oxid se is found in the cerebral endothedation, an index of free radical damage. We tested Iium. ' During ischemia. XD may be converted to XO these hypotheses in a canine model of global cerebral ischemia after pretreatment with allopurinol, an inhib- nine dinucleotide. At the conclusion of the 1-hour N.C.) orally twice per day for 4 da~s preceding the incubatio:i, the reaction was terminated by the addiexperiment. On the day of the investigation, an tion of 1.7 M perchloric acid. After centrifugation, additional 50 mg'kg was given intravenoUsly. The hypoxanthine was separated from xanthine and uric control dogs received the vehicle (normal saline. pH acid by thin-layer chromatography. Radioactivity was 11.2) intravenously. Animals were ,ubjected to 15 determined by direct counting, and enzyme activity minutes of cerebral ischemia by elevating the intrawas calculated by the ratio of the radioactivity of cranial pressure to equal the mean arterial pressure xanthine and uric acid to that of hypoxanthine plus with the infusion of warmed (38°(C) Elliott's B soluxanthine plus uric acid. The limit of detection of this tion. Proper placement of the spinal needle in the assay is 0.3 nmoi xanthine and uric acid/min/g protein cisternal magna was verified by an unmeasurable for both XO and XD+XO.
SEP during ischemia. In previous experiments with
We used both parametric and nonparametric this model. 1(Cliodoantipyrine was used to confirm methods of statistical analysis. Wilcoxon's rank sum the complete absence of cerebral blood flow during test was used for between-group comparisons. Reischcinia.'" To combat the systemic hypertension peated-measures analysis of variance was used to test that occurs w ith intracranial hypertension, aliquots of the effects of treatment over the time course of the blood were withdrawn and 2.5-11 mg i.v. phentol-experiment. Data are presented as mean_SD: amine w:,s administered as necessary. Rcperfusion p<0.05 was considered significant. was initiated by allowing CSF to drain until the intracranial pressure was <20 mm Hg. A cerebral Results perfusion pressure of at least 61) mm Fig was main the allopurinol group. Mean cerebral perfusion pres-allopurinol group than in the control group ( Figure  sure at the end of ischemnia in the allopurinol group 2). Cerebral gray and white matter watcr contents was lower than, but not significantly different from.
were similar in the two groups (Figure 3) . that in the control group. Peak mean arterial pres-Brain XO and XD+XO activities were undetectsure was similar (p>0.05S) in the two groups (237±36 able in all allopurinol-treated dogs. In the control mm Hg in the allopurinol group versus 251 ±43 group. these activities were 3.38± 1.60 nmol xanmm Hg in the control group). The cerebral perfusion thine and uric acid/min/g protein for XO and pressure was at least 60 mm Hg in all dogs. 4.7 1±2.69 nmol xanthine and uric acid/min/g pro-The time from sacrifice of the dog to placement of tein for XD+XO. the brain in liquid nitrogen did not differ significantly between groups. These times were 4.7±-t0.37 minutes Discussion tor the allopurinol group and 5.3 ±0.47 minutes for A pathological role for XO in ischemia/reperfusion the control group.
injury was first suggested by Granger et al . 4 They Reproducibility of the SEPs was excellent. The proposed that XD was irreversibly converted to XO coefficient of variation for the baseline SEPs aver-during ischemnia. Then, when oxygen became availaged 3.9%7 in the allopurinol group and 3.2% in the able during reperfusion, superoxide radicals were control group. Recovery of SEP during the 240 generated by XO as the accumulated hypoxanthine minutes of reperfusion is shown in Figure 1 . Allopu-was oxidized to xanthine and uric acid. We have rinol-treated dogs had significantly greater recovery of SEP than the untreated controls. Final recovery 1 200 was 17.3± 13.7% in the alloptirinol group compared with 5.4±5.5% in the control group (p<.05).*
The amount of free malondialdehyde measured at the end of reperfusion was higher (p<0.01) in the 4 40 nol pretreatment improved out,:ontc only at 2-4 hours, not at 24 hours. -5 These studies did not 1 0 examine the mechanism by which allopurinol was 0 / protective.
Gray White
We used high-performance liquid chromatography to measure the malondialdehyde content because the finding of an increased brain malondialdehvde conrecently shown that irreversible conversion of XD to tent in the allopurinol-treated dogs was unexpected.
XO does not occur in cerebral ischemia/reperfusion
This result was not due to a dilutional effect since injury'. However, a role for XO in brain injury cannot brain water content was similar in the two groups. In be excluded. Reversible conversion of XD to XO has addition, allopurinol has not been reported to inbeen demonstrated in some tissues during ischemia, crease lipid peroxidation in any in vitro or in vivo and this XO is a potential source of free radicals system. Since this assay measures the amount of during rcperfusion. 7 .1 3 In addition, XO accounts for non-tissue-bound malondialdehyde, allopurinol 20 of the total XD+XO activity in the uninjured could have altered the binding of malondialdehyde, dog brain. 2 Since cerebral XO is found principally in increasing the free amount without altering the total the endothelium2 even a small amount of the oxidase amount. Vitamin E deficiency has been shown to may cause tissue injury by damaging the blood-brain alter the proportion of free malondialdehyde in rat barrier. liver, with the percentage of unbound malondialde-Pretreatment of dogs with allopurinol improved hyde increasing from 8% to 60% when rats are fed a SEP recovery after 4 hours of reperfusion. Recovery vitamin E-deficient diet. 2 7 Another possibility is that was associated with inhibition of both XO and XD allopurinol inhibited the metabolism of malondialdeactivities. The Paco, in the allopurinol group was hyde. Experiments using liver and kidney demonslightly lower than that in the control group, but this strate that malondialdehyde is first oxidized to malonic semialdehyde, and then decarboxylated to form difference was small and probably not of physiologic acetaldehyde. Acetaldehyde is oxidized to acetate significance. Mean cerebral perfusion pressure at the predominantly by aldehyde dehydrogenase. 2 . 29 Howend of ischemia in the allopurinol-treated dogs was ever, acetaldehyde also can be oxidized by XO. 3 " lower than, but not significantly different from, that Inhibiting XO with allopurinol may have led to in the controls. Even so, both a lower Paco 2 and a higher in vivo malondialdehyde levels by altering lower cerebral perfusion pressure would decrease acetaldehyde elimination. Malondialdehyde may also cerebral blood flow" and likely inhibit the recovery be produced when prostaglandins are synthesized of SEP in the allopurinol group. Although rectal, and since arachidonic acid nitabolism is associated with not brain, temperature was measured, care was taken free radical intermediates. 3 ' If allopurinol protected to avoid brain cooling by warming the Elliott's B cells so that arachidonic acid metabolism continued, solution to 38°C prior to infusion. Furthermore, SEP recovery would then be associated with an unlike in small mammals, a significant effort is increase in brain malondialdehyde content. nced,.d --oo; the dog brain by even 1 0 C.1 5 .' In In addition to inhibiting the formation of free investigations in which the dog brain was selectively radicals, other mechanisms ha" been p-oposed tre ,"2.!cd. rec!ql temneratulM aiso dccreasce.' . " ' We "ccount tor tile piotective effect of aiopurinol. did not observe such a decrease in either group.
During ischemia, energy stores are depleted as We used the SEP amplitude in our study since it has adenosine triphosphate is degraded to the purines been suggested that this measurement correlates bet-inosine and hypoxanthine. Hypoxanthine can be ter with cortical ischemia than do changes in laten-further metabolized to xanthine and uric acid by cy.Il , 1x The SEP amplitude also has been observed to XD or XO. Upon reperfusion, the energy state is parallel changes in brain oxygen utilization." restored by either de novo synthesis of purine bases 
